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bearris irradiated toward the weidrng part of a vvorkpiece; 

calculating a frequency distribution of a signal obtained 
from the detected reflected lights; 

calculating a signal intensity in a specified frequency 
band among the calculated frequency distribution; and 

if the calculated signal intensity exceeds a preset 
reference value, determining that an occurrence of porosity is 
excessive, and if not exceeding the reference value, 
determining that an occurrence of porosity is within a normal 
range . 

[Claim 2] A laser weld quality monitoring method, comprising 
the steps of : 

detecting reflected lights from a welding part of laser 
beam^s irradiated toward the welding part of a workpiece; 

converting the detected reflected light to an electric 
signal ; 

calculating a frequency distribution of the converted 
electric signal; 

calculating a signal intensity in a specified frequency 
band among the calculated frequency distribution; and 

if the calculated signal intensity exceeds a preset 
reference value, determining that an occurrence of porosity is 
excessive, and if not exceeding the reference value, 
determining that an occurrence of porosity is within a norm.al 
range . 
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^C^air. J. ^aser we^^a quality ir^cri tcrirg r.^rTir^v^. 
t c clair. 1 cr 2, A'hereir- a specified frecuer. C'_ 
c a 1 c u 1 a t i r. a the s i a r. a 1 intensity is \' a r i e d i r. c c r r e s p c r. 'ie n c e 
to a piate thickness cf a v;crkpiece. 



• Clair'. 4] A laser ;\eld quality n".cr. itcrir.g rr.ethca acccrair. q 
tc any cne cf claiiT:s 1 to 3, wherein the calcolat^on of the signal 
intensity is carried cot by using a fast Fcorrier transforin 
(FFI) for calculating a irequency oi s o r icu t i on oi Lne s^gnc^ 
intensity cr a band filter for passing a signal cf only the 
specified frequency band, 

:ciaim 5] A laser weld quality mcnitoring rr^ethcd according 
to any one of claims 1 to 4, wherein the workpiece is a steel 
sheet plated with zinc. 

[Claim 6] A laser weld quality monitoring system, 
comprising : 

a reflected light detecting means for detecting reflected 
lights from a welding part of laser beam.s irradiated toward the 
weldiog part of a workpiece; 

an electric signal converting means for converting the 
detected reflected light to an electric signal; 

a frequency distribution calculating means for 
calculating a frequency distribution of the converted electric 
signal ; 

a signal intensity calculating m.eans for calculating a 
signal intensity in a specified frequency band among the 
calculated frequency distribution; and 

a weld quality determining means for, if the calculated 
signal intensity exceeds a preset reference value, determ^ining 
that an occurrence of porosity is excessive, and if not 
exceeding the reference value, determining that an occurrence 
cf porosity is within a normal range. 



[Clairr. ^] A laser v;elci quality r-.cr.ir : r ing systerr. acccr.::ir.a 
tc cLa'^rr. '1 , v;hereir. the reflected light detecting rr.ears ras an 
interference filter fcr passing only lights cf a v;avelengtn cf 
laser bean-.s in crder tc detect cnly the reflected lights cf tl-.e 
laser fcean".s . 

;ciaim S; A laser weld quality n:cnitcring system acccrding 
to claim 6, wherein the signal intensity calculating means 
calculates a signal intensity cf an electric signal by using 
a rast tcurier transform (FFl) ror calculating a irequency 
distribution of the signal intensity or a band filter for 
passing a signal cf only the specified frequency band. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a laser weld quality 
monitoring method and system. In particular, the invention 
relates to a laser weld quality monitoring method and system 
adapted to monitor an occurrence of a porocity in a laser welding 
part . 

[0002] 
[Prior Art] 

The welding of very thin steel sheets, such as for a 
vehicle body, is performed by a laser welding. In comparison 
with a spot welding, the laser welding has many advantages such 
that it is applicable to a one-side welding without the need 
of clamiping steel sheets from both obverse and reverse, and that 
it allows an easy welding even at an inside of a com.plicate narrow 
groove. However, as a disadvantage, it tends to suffer a 
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welding part is perforrred by predicting a weld quality m a 
real-tinie r:anner. Japanese Patent Application Laying-Cpen 
ruCxicaticn Ko . 2uuu-z71'/68 has disclose a necnnr ques ci ub^n^ 
two sensors having their detection angles different from each 
other, for sensing lights frcm a plume occurring at a keyhole 
in the laser welding part and reflected lights of a YAG (Yttrium 
AlumiinumL Garnet) laser radiated, to detect variations of output, 
focal position, and inter-sheet gap as welding conditions by 
intensities of light detected by each sensor, thereby 
performing a real-tim.e prediction of a quality of the laser 
welding part. 

[0004] 

[Problems to be Solved by the Invention] 

However, in a conventional weld quality monitoring method, 
it is possible to detect an occurrence of a defective quality 
(an under-filled state) that a laser welding part is grooved, 
and an occurrence of a defective welding condition which is 
deviated from a prescribed welding condition, but there arises 
a problem that it is difficult to detect an occurrence of 
porosity (a porous state) of the welding part, occurred during 
laser welding in a zinc-plated steel sheet, or the like. 

[0005] 

The difficulty in detection of an cccurrence of porous 
state in the conventional weld quality mionitoring m.ethod 
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r.elzed by a laser beaT.. The reascr. is that the parcus stc:te 
is caused by a r^ixing cf zinc vapcr inside the keyhole, v;hich 
X " o ^ A , , p ^ ^ e 1 d c i *^ p a r t s '/ a r i a t i c r. s in 1 1". e _ i h t 

exitted frcTi the keyhole. 

[0006 J 

Tne present invention nas ceen mventea v.^t:. -^cn 
conventional problems in mind, ana it is an object of the present 
invention to provide a laser weld quality monitoring miethod 
capable of reliably detecting an occurrence cf porosity of a 
laser welding part. 

[0007] 

[Means for Solving the Problems] 

In order to solve the above-described problems and attain 
the object, the laser weld quality monitoring method according 
to a first feature of the present invention comprises the steps 
of: detecting reflected lights from a welding part of laser 
beams irradiated toward the welding part of a workpiece; 
calculating a frequency distribution of a signal obtained from 
the detected reflected lights; calculating a signal intensity 
in a specified frequency band among the calculated frequency 
distribution; and if the calculated signal intensity exceeds 
a preset reference value, determining that an occurrence of 
porosity is excessive, and if not exceeding the reference value, 
determining that an occurrence of porosity is within a normal 
range . 

[0008] 

According to the first feature of the present invention. 
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cccj^riec.. Acccraingly, is possible tc reiicxbly detect an 

c c c u r r e r c e c f excessive p c r c c i t y that was difficult t c ae t e c t 
conventionally. 



i U 0 U 9 J 

The laser weld quality monitoring method according to a 
second feature of the present invention ccm.prises the steps of: 
detecting reflected lights froTi a welding part of laser beam.s 
irradiated toward the welding part of a workpiece; converting 
the detected reflected light to an electric signal; calculating 
a frequency distribution of the converted electric signals- 
calculating a signal intensity in a specified frequency band 
among the calculated frequency distribution; and if the 
calculated signal intensity exceeds a preset reference value, 
determining that an occurrence of porosity is excessive, and 
if not exceeding the reference value, determining that an 
occurrence of porosity is within a norm^al range. 

[0010] 

According to the second feature of the present invention, 
as only electric signals of the specified frequency band which 
are necessary for detecting an occurrence of excessive porosity 
are extracted from the electric signals produced based on 
reflected lights of laser beams, it is possible to determine 
based on the signal intensity of the extracted electric signals 
to what extent porocity occurred. Accordingly, it is possible 
to reliably detect an occurrence of excessive porocity that it 
was difficult to detect conventionally. 
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:r the laser weld quality rr.cr:i t c ri r.g -ethcd acccrdir.g to 
a third feature cf the present inver.ticn, in the laser weld 
quality rrcnitcrir.j r:cthcd according clam. 1 cr 2, a spec:fieo 
frequency band fcr calculating the signal intensity is '/ciried 
in correspondence to a plate thickness of a workpiece. 

I CQ12 ] 

According to the third feature cf the present invention, 
a specified frequency band fcr calculating the signal intensity 
varies m correspondence to a plate thickness of a workpiece. 
Accordingly, variations of accuracy in detecting an occurrence 
of porocity due to a difference in the plate thickness are 
dissolved . 

[0013] 

In the laser weld quality monitoring method according to 
a fourth feature of the present invention, in the laser weld 
quality monitoring method according to any one of claims 1 to 
3, the calculation of the signal intensity is carried out by 
using a fast Fourier transform (FFT) for calculating a frequency 
distribution of the signal intensity or a band filter for 
passing a signal of only the specified frequency band. 

[0014] 

According to the fourth feature of the present invention, 
signals of a specified frequency band which are easy to detect 
a state of an occurrence of porocity are extracted by using a 
fast Fourier transform (FFT) for calculating a frequency 
distribution of the signal intensity or a band filter for 
passing a signal of only the specified frequency band. 
Accordingly, it is possible to reliably detect an occurrence 



In the laser weld quality n-Lonitoring methcd acccrdirg tc 
a fifth feature of the present inventicn, xn the laser weld 
quality monitoring method according to any one of claims 1 to 
4, the workpiece is a zinc-plated steel sheet. 

[0016] 

The laser weld quality monitoring system according to a 
sixth feature of the present invention comiprises : a reflected 
light detecting means for detecting reflected lights from a 
welding part of laser beams irradiated toward the welding part 
of a workpiece; an electric signal converting means for 
converting the detected reflected light to an electric signal; 
a frequency distribution calculating means for calculating a 
frequency distribution of the converted electric signal; a 
signal intensity calculating means for calculating a signal 
intensity in a specified frequency band among the calculated 
frequency distribution; and a weld quality determining means 
for, if the calculated signal intensity exceeds a preset 
:^eference value, determining that an occurrence of porosity is 
excessive, and if not exceeding the reference value, 
determining that an occurrence of porosity is within a normal 
range . 

[0017] 

According to the sixth feature of the present invention, 
as only electric signals of the specified frequency band which 
are necessary for detecting an occurrence of excessive porosity 
are extracted from the electric signals produced based on 
reflected lights of laser beams by the frequency distribution 
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In the laser v.^cld quality monitoring methoa accoramg lc 
a seventh feature of the present invention, in the laser weld 
quality rrionitoring system according to claim 6, the reflected 
light detecting m.eans has an interference filter for passing 
only lights of a wavelength of laser beams in order to detect 
only the reflected lights of the laser beamis . 

[0019] 

According to the seventh feature of the present invention, 
as only reflected lights of laser beams can be detected by the 
interference filter, detection accuracy of an occurrence of 
porocity is raised. 

[0020] 

In the laser weld quality monitoring miethod according to 
an eighth feature of the present invention, in the laser weld 
quality monitoring system according to claim 6, the signal 
intensity calculating means calculates a signal intensity of 
an electric signal by using a fast Fourier transform (FFT) for 
calculating a frequency distribution of the signal intensity 
or a band filter for passing a signal of only the specified 
frequency band. 

[0021] 
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Acccrdirg tc the eighth feature of the present irventic::, 
signals cf a specified frequency banc v;hich are easy to detect 
a state cf an cccurrence cf pcrccity are extracted by using a 
fast Fcurrier transform (FFT) for calculating a frequency 
distribution of the signal intensity cr a band filter fcr 
passing a signal of only the specified frequency band. 
Accordingly, it is possible to reliably detect an cccurrence 
of excessive porocity that it was difficult to detect 
conventionally . 

[0022 1 

[Effect of the Invention] 

As described above, according to the first, second or 
fifth feature of the present invention, signals of the specified 
frequency band which can easily detect an occurrence of 
excessive porosity based on reflected lights of laser beams are 
extracted. Therefore, it is possible to reliably detect an 
occurrence of excessive porocity that it was difficult to detect 
conventionally . 

[0023] 

According to the third feature of the present invention, 
as a specified frequency band for calculating the signal 
intensity varies in correspondence to a plate thickness of a 
workplace, variations of accuracy in detecting an occurrence 
of porocity due to a difference in the plate thickness can be 
dissolved . 

[0024] 

According to the fourth feature of the present invention, 
signals of a specified frequency band which are easy to detect 
a state of an occurrence of porocity are extracted by using a 
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paf'yir.a a sicrr.al of cr.l*/ the specified irequer.cy band sc chat 
ar. cccurrer.ce cf excessive pcrccity car. be detected basec cr. 
rei..ected iichts cf laser beaT.s . Acccrcingiy, it beccres 
pcss^ble to reliably detect an occurrence of excessive porccity 
that it was difficult to detect conventionally. 

r n o ^ 
L ^ - ^ - J 

According to the sixth feature of the present invention, 
as signals of the specified frequency band which can easily 
detect an occurrence of excessive porosity based on reflected 
lights of laser bearr.s are extracted, it is possible to reliably 
detect an occurrence of excessive porocity that it was difficult 
to detect conventionally. 

[0026] 

According to the seventh feature of the present invention, 
as only reflected lights of laser beams can be detected by the 
interference filter, detection accuracy of an occurrence of 
porocity can be raised. 

[0027] 

According to the eighth feature of the present invention, 
only signals of a frequency band which are easy to detect a state 
of an occurrence of porocity are extracted by using a fast 
Fourrier transform (FFT) for calculating a frequency 
distribution of the signal intensity or a band filter for 
passing a signal of only the specified frequency band. 
Accordingly, it is possible to reliably detect an occurrence 
of excessive porocity that it was difficult to detect 
conventionally. 
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[ Preferred Err.bcdirr.er.t ] 

^ V- ^ ^ V- -J " — c::, V r'c^^^/A /-» i -. - " n -f- t 7 o-. "k- "i rr t- 1" H H ;:; 

crrcrj^-ia^LeH^^ a -.cioe^ Ae-L>wu v^lac:-l_l--^j .l.^^-.^^„s_>---L.i.^ ...tTw--..--^ ^..^ 

system according to a preferred er:bcdimenr cf the present 
invention will be in detail described v;ith reference to the 
accorr.panying drawings, by exemplifying a case where a weldrng 
m.ember is a zinc-plated steel sheet. Fig. 1 is an embodied 
structural aiagram of a YAG laser weiaer equippea wxch a quaxrty 
micnitoring systemi according to the present invention. 

[0029] 

An optical fiber cable 2 is attached to an upper part of 
a YAG laser welder 100, and laser beams from a YAG laser 
oscillator (not shown) are led to the YAG laser welder IOC by 
the optical fiber cable 2. A light converging optical system 
for converging the led laser beams is disposed ranging from a 
center part to a lower part of the YAG laser welder 100. The 
light converging optical system has a collimator lens 3 and a 
light converging lens 4, and after the led laser beams are 
changed to parallel lights by the collimator lens 3, the led 
laser beams are converged on a surface of a workpiece (vehicle 
body panel) 5 by the light converging lens 4. The light 
converged part (welding part) is mielted by energy of laser beam.s, 
so that the workpieces are welded to each other. 

[0030] 

Further, in a lower surface of the YAG laser welder 100, 
a sensor 6a which functions as a reflected light detecting means 
is disposed at a location of an angle of elevation 60 degrees 
(01) from a surface of the workpiece 5 and a sensor 6b is disposed 
at a location of an angle of elevation 10 degrees (92) from a 
surface of the workpiece 5. The sensor 6a is a sensor for 
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detectir.G reflected liahts cf laser bearr.s reflected xithcut 
being absorbed by the wor>:ciece 5 after irradiated rr.airiy by 
the >;eldina part. The sensor 6b :s a sensor for aetectmg 
plasmatic lights (visible lights) produced frcrr: the welding 
part during welding. A weld quality of the welding part is 
determined in real time based on lights (reflected lights and 
plasmiatic lights) detected by both the sensors 6a ana 6b. As 
the monitoring method and the monitoring system according to 
the present invention detect an occurrence of porocity by use 
of reflected lights of ±aser beams, the sensor 6a is a 
particularly imiportant sensor. 

[0031] 

Fig. 2 is a conceptual diagram of the YAG laser welder 
equipped with the quality monitoring system according to the 
present invention. The YAG laser welder shown in Fig. 2 
comprises a YAG laser oscillator 1, and laser beams produced 
by the YAG laser oscillator 1 are led to a light converging 
optical system by the optical fiber cable 2, and are changed 
to parallel lights by the collimator lens 3 . Thereafter, lights 
are converged on a surface of the workpiece 5 by the light 
converging lens 4, to weld the workpiece 5 by power of the 
converged laser beams. 

[0032] 

On the other hand, the sensor 6a is disposed at a first 
location where the angle of elevation 91 is 60° from the surface 
of the workpiece 5, and reflected lights of a YAG laser reflected 
without being absorbed by the workpiece 5 after irradiated on 
a welding part F are converted into an electric signal in 
correspondence to an intensity thereof by the sensor 6a. 
Accordingly, the sensor 6a functions as an electric signal 
converting means. Further, the sensor 6b is disposed at a 
second location where the angle of elevation 92 is 10° from the 
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surface cf the v;crkpiece z, p:3sr.5tir liah^s ('.-sible 

lights; frcr. a plur:e (r:etalliJ vaujr at hiah ter:-.per ai -:res ) 
prcduced i:^ the welding part F dt:ri:".g weldirg are ccr.'.'er te ji rrtc 
an electric signal in cor respcndence to an intensity thereof 
by the sensor cb . The electric signal ccnvorted by bcth the 
senscrs ca and 6b are input to a rr.easuring device const: tuteo 
by an a-plifier (prearr-.p) , a banc-pass filter, an A/D converter, 
a personal corr.puter, or the like. 

i C033 J 

As shown in Fig. 3, the sensors 6a and 6b corr.prises two 
photodiodes 8 and 9, a dichroic mirror 10, and an interference 
filter 11 which transmits only a wavelength of 1064 nm ± 10 nm. 



L ^ 
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In the sensors 6a and 6b, first, lights from the welding 
part entered from a left side of Fig. 3 are selected in 
correspondence to a wavelength by the dichroic mirror 10. 
Namely, a visible light of wavelength 500 nm. or less is reflected 
by the dichroic mirror 10 and led to the photodiode 8, and the 
visible light is converted into an electric signal as a 
plasmatic light, to detect an intensity thereof. On the other 
hand, after an infrared light out of an incident light from the 
welding part transmits the dichroic miirror 10, only a YAG laser 
beam having wavelength 1 . 06|im transmits the interference filter 
11. The YAG laser beams are led by the photodiode 9, and 
converted into an electric signal as YAG reflected lights, and 
input into the m.easuring device 7, respectively. As the 
monitoring device and the monitoring system according to the 
present invention detect an occurrence of porocity by use of 
reflected lights of laser beamis, the electric signal from, the 
photodiode 9 provided in the sensor 6a is used. 

[0035] 
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the z.eas'^r i.r.3 device ^ shcwr : r. rig. 2. The n'.easurir^g device 
IS provided cor respcndi:^? tc each cf the phrtcdicdes 5 ar:d 
9 prcvided i.r each cf the ser.scrc ca ar.o ck . Accc r d : r.g i y , the 
monitcring device of the present invention is provided with the 
four n.easuring devices 7. A ccnstitution of each -easuring 
device is identicai. 



[ 0 0 J 6 J 

The rrieasuring device 7 con.prises an anpiifier (prea.T.p) 
7A for amplifying an electric signal frorr. the photodiode 9 tc 
a constant level; A/D converters 7B and 7D for converting an 
analog electric signal output froTi the anr^.plifier 7A into a 
digital electric signal; a band-pass filter 7C for passing only 
the electric signal of a specified frequency band; a personal 
computer 7E which functions as a frequency distribution 
calculating means for calculating a frequency distribution of 
the input electric signal, functions as a signal intensity 
calculating m.eans for calculating a signal intensity in the 
specified frequency band, and functions as a weld quality 
determining means for determining a condition of an occurrence 
of porocity; and a display 7F for displaying a result obtained 
by determining a weld quality. 

[0037] 

Figs. 5 to 7 are views for explaining a principle of 
detecting a weld quality. The reason that the weld quality can 
be detected by analyzing lights from the welding part will be 
described with reference to Figs. 5 to 7 . Figs. 5 and 6 show 
a condition of an occurrence of porocity when a zinc-plated 
steel sheet as an object to be welded is lap-welded. As shown 
in Fig. 5, when the YAG laser welder 100 irradiates YAG laser 
beamis of high power density on a butt part 20 of the zinc-plated 
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steel sheet, the irradiatec part (welding part) starts "-.elring 
by receivir^g energy of laser tearr^s, zc zcrr:. a >e\'hole 25 ir which 
a rr.etal is .T.elted. At this tir.e, a zir.c-plated layer 21 plated 
on a surface cf a steel sheet is varied tc a rrietallic vapsr at 
a -elting temperature cf a steel 22 as a case rr.etal . Bubble- 1 i ke 
pcrocity (blcwhcle) 23 occurs in the keyhole 25 by pressure cf 
the metallic vapor. 

[0038] 

As shown in Fig. 6, laser beams are absorbed by a wall 
26 on a front surface cf the keyhole 25. In lap-welding cf the 
zinc-plate steel sheet, when the zinc-plated layer 21 existing 
on an interface of two steel sheets, a zinc metallic vapor 27 
jets into the keyhole 25. This becomes the porocity 23. In 
welding with the YAG laser beams, as a wavelength of laser beams 
is short at 1.06|Llm or thereabout, laser beams are almost 
transparent with respect to a plume 28 jetted from an opening 
part of the keyhole 25 . Accordingly, the high-speed phenomenon 
as to presence or absence of the porocity 23 cannot be caught 
by observation of the plume 28. 

[0039] 

However, it is considered that reflected lights of the 
YAG laser beamis are changed by a state of the wall 2 6 on the 
front surface of the keyhole 25. When a state of the wall 26 
on the front surface of the keyhole 25 varies with jetting of 
the zinc metallic vapor 27, the reflected lights of laser beams 
varies correspondingly. As this phenomenon occurs inside the 
keyhole 25 in the vicinity of the interface of the steel sheet, 
the phenomenon cannot be caught by the sensor 6b that an 
observation angle is at a low level, but the phenomenon can be 
caught by the sensor 6a that an observation angle is at a high 
level. Accordingly, it is necessary to set an angle in 
installing the sensor 6a within the range of an angle that a 
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variatiic:-. state eft he v^a 11. v z:~. the frcr.t surra jg : i the keyhcle 
25 ca- he caught by the reilectea lights. Actually, the a-gle 
is in the ranee cf not interlacing with laser beards irradiated 
on the Aeldmg part and ci being capable cr catching the 
variation state cf the v;all 2c in the f rent surface cf the keyhcle 
25 by the reflected lights, nanLely in the range ci an ang^e cf 
elevation 45 degrees to "7 0 degrees. It is tc be noted that a 
further optimum angle within the range cf this angle is decided 
in correspondence to a welding condition such as a plate 
thickness, pcv;er of laser beams, or the iiKe. ±i'i this 
embodiment, as shown m Fig. 1, the angle of elevation is 6C 
degrees . 

[ 0040 ] 

Further, as shown in Fig. 7, when the zinc-plated steel 
sheets do not come into appropriate contact with each other in 
the butt part 20 and a slight gap 30 is caused, a metal melted 
in the keyhole 25 flows into the gap 30. Therefore, a defective 
welding which is called an under-filled state 31 occurs. The 
occurrence of the under-filled state 31 can be caught by the 
sensor 6b at a low level of the observation angle. 

[0041] 

Next, a processing for detecting porocity by the 
monitoring system of the present invention will be described 
with reference to a flowchart of Fig. 8 and Figs. 9 to 12. Data 
such as a waveform, etc. shown in Figs. 9 to 12 are obtained 
as a result of measurement based on a following welding 
condition (basic welding condition) . 

[0042] 

The YAG laser which outputs at 3 Kw was used. Welding 
speed is 4.5 m/min. The zinc-plated steel sheet having 
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A flcv;chart c: Fig. £ shzws a procedure cf the rr.cnitcri-g 
rr.ethcd ci the present invention. When the YAG iaser bean.s are 
irradiated on the butt part 20 of the zinc-plated steel sheet, 
the irradiated part is melted by receiving energy of laser beams . 
As the melted metal is at a very high temperature, visible lights, 
infrared lights, reflected lights cf YAG iaser beams, or tr:e 
like are radially released from, the keyhole 25 and the plumie 
28. The sensors 6a and 6b enter these lights and convert the 
lights into an electric signal. The converted electric signal 
is stored in a waveformi storage device (not shown) of the 
personal com^puter 7E (refer to Fig. 4) (SI). 

[0044 ] 

Fig. 9 is a waveform chart (converted by the photodiode 
9) of an electric signal obtained from reflected lights of the 
YAG laser lights during welding under a basic welding condition . 
The waveform, chart of this electric signal is prepared at 
sampling frequency 20KHz. In this waveform chart, a y~axis 
represents a signal intensity and an x-axis represents a tim.e. 
Further, YH denotes a temporal variation condition of reflected 
lights caught by the sensor 6a at a high level of the observation 
angle. YL denotes a temporal variation condition of reflected 
lights caught by the sensor 6b at a low level of the observation 
angle . This chart shows waveforms of a ''non-defective product'' 
normally welded, a "porocity product" in which an occurrence 
of porocity is excessive, and an "under-filled product" in which 
an under-filled state is caused. In case of the under-filled 
product, a shape of waveform.s apparently differs from a case 
of a non-defective product. Therefore, it is easy to determine 
as the under-filled product. However, as in case of the 
porocity product, a difference in the shape of waveformis is not 
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Fig. 10 is a v;avefcrm chart (ccnvertea by th^j phctcaiiae 
S) cf ar electric signal obtained from visible lights of the 
keyhole 25 and the plunge 26 during welding under a basic welomg 
condition. The waveforn; chart is also prepareo at san:pling 
frequency zOKHz. in this 'A'avetorm chart, a y-axis represents 
a signal intensity and an x-axis represents a tirr^e. Further, 
YH denotes a ten.poral variation condition of visible lights 
caught by the sensor 6a at a high level cf the observation angle. 
YL denotes a temporal variation condition of visible lights 
caught by the sensor 6b at a low level of the observation angle. 
This chart shows waveforms of a ''non-defective product" 
normally welded, a ''porocity product" in which an occurrence 
of porocity is excessive, and an ''under-filled product" in which 
an under-filled state is caused. In case of the under-filled 
product, a shape of waveforms apparently differs from a case 
of a non-defective product. Therefore, it is easy to determ.ine 
as the under-filled product. However, as in case of the 
porocity product, a difference in the shape of waveform.s is not 
seen by comiparison with a case of the non-defective product, 
it is difficult to determine as the porocity product. 



[0046] 



In this manner, it is difficult to differentiate between 
the non-defective product and the porocity product only by 
examining a temporal intensity change state of each of the 
reflected lights and the visible lights by each cf the sensors 
6a and 6b. For this reason, the waveforms of only the YH 
indicating the temporal variation condition of reflected lights 
caught by the sensor 6a at a high level of the observation angle 
are taken out among the wavef ormis stored in the waveform storage 
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t rans f c rn".) sigr.al ir.terisity calculat :. cr. (52; . 



Fig. 11 IS a >;avefcrm chart: ccuained as a result: sf 
subjecting the wavefcrm cf the YH shewn in Fig. 9 tc the FFT 
signal intensity calcuiat icn . In this wavefcrrr: chart, a y-axis 
represents a relative signal intensity and an x-axis represents 
a iiequency. As is apparent: rrom T:nis cnarn, ir nr.e FFI signa^ 
intensity calculation is carried out, a difference in a 
distribution cf the relative signal intensity is caused between 
the non-defective product and the porccity product. In other 
words, in the non-defective product, a peak part cf the relative 
signal intensity exists in the vicinity of 100 Hz to 500 Hz, 
but in the porocity product, a peak part of the relative signal 
intensity exists in the vicinity of 500 Hz to 1000 Hz. The 
quality monitoring method of the present invention 
differentiates this difference as follows: 

[0048] 

Among the waveform of Fig. 11 obtained as a result of 
subjecting the FFT (fast Fourier transform.) signal intensity 
calculation, the total value of the signal intensity between 
605 Hz and 650 Hz is calculated (S3) . If the total value exceeds 
170,000 set as a reference value (S4, Yes), it is determined 
that an occurrence of porocity is excessive (S5) , and if not 
exceeding 170, 000 (S4, No) , it is determined that an occurrence 
of porocity is within the normal range (S6) . It is to be noted 
that a result of determining an occurrence of porocity (not 
shown in the flowchart) is displayed on the display 7F. 

[0049] 

Next, from a feature amiount of waveforms cf Fig . 1 obtained 
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calculated (S/). This llahar ancbis distar.ce reprt..s^ 
dista-ce tc what extent a fef^ture a:::cur:t (Iccaticr) cf a 
v;avefcrr. cf the chserved -crkpiece is away fr:- a - c rr^a : : -^-d 
reference space cbtained frcrr. a feature cirM^r.t ii v;avercrr:'.s cr 
a non-defective product. According tc the acquired 

Mahararcbis distance, a distribution chart as shown m Fig. 
is prepared. For example, as shown i- Fig. 12, the feature 
amount: (iC'Cacionj ocnairieu i r o:r. tne v^dveiom uhai t L^g. 
is written in a graph that a y-axis is a FFT signal intensity 
and an x-axis is a Maharanobis distance in logari thr-^ic 
representation, and the products are distributed m 
correspondence tc the feature arr.ount of each workpiece. 



[00501 



If the Maharanobis distance exceeds a reference value 
1000 based on this distribution chart (S8, Yes), it is 
determined that an under-filled state occurs (S9), and if not 
exceeding that (S8, No) , it is determined that the under-filled 
state does not occur (SIO). 



[0051] 

In the above embodirr.en t , whether or not an occurrence of 
porocity is excessive was determined based on a total value of 
a signal intensity of a specified frequency band, but as is 
apparent from the distribution chart of Fig. 12, the porocity 
products are distributed in a region that the Maharanobis 
distance is 2 or less and the signal intensity is 170000 or more, 
and similarly to a case -where an occurrence of the under-filled 
product is determined, from, the feature am^cunt of waveform.s of 
Fig. 11 obtained as a result of subjecting the FFT (fast Fourier 
transform!) signal intensity calculation, the Maharanobis 
distance and the signal intensity of the specified frequency 
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irar.d are calculated, -ur.d furt 
recicn the distance ar:c signal 
be detern-.ined v;hether cr net 
excess ive . 

; C 0 52 ] 



: h e r it is d e t e r r. i n e c t ^ w h i. c :\ 
intensity belcnc, sc that it can 
an zzc':.:^ze:r,ce: zz pcricity is 



Incidentally, in the above embodin:ent, a descripticn was 
Given cn a case that a plate thickness is C.6 rr.rri, but the quality 
monitoring metrioa duu trie qua^xuy iiiwii^ uo-i. o^ouc^... ^-.^ 

present invention can be applied to the other plate thickness. 
For example, the present irxventicn can be applied to welding 
of a steel sheet of a plate thickness of 0.7 mm to about 1.2 
mim which is used as a panel of a vehicle body of an automobile. 
In this case, it is necessary that the specified frequency band 
for calculating the signal intensity is varied corresponding 
to the plate thickness so that weld quality can be determined 
appropriately. For exam.ple, if the plate thickness is 0.7 mm, 
a frequency band of 500 Hz to 600 Hz is selected as the specified 
frequency band for calculating the signal intensity, and if the 
plate thickness is 1.2 mm, a frequency band of 800 Hz to 1200 
Hz is selected as the specified frequency band for calculating 
the signal intensity, respectively. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is an embodied structural diagram of a YAG laser 
welder equipped with a quality monitoring system according to 
the present invention; 

[Fig. 2] 

Fig. 2 is a conceptual diagram of the YAG laser welder 
equipped with the quality mionitoring system, according to the 
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preser.t ir.ver.t icr.; 

rig, 5 is 5 diagrarr. shcwrir.g ar. err.i:::aied ccr.stitut icr. 
inside a sensor; 

;Fig. 4; 

rig. 4 IS a a 
a neasuring device 

:Fig. 5] 

Fig, 5 is a view for explaining a principle of detecting 
a weld quality; 

[Fig. 6] 

Fig. 6 is a view for explaining a principle of detecting 
the weld quality; 

[Fig. 7] 

Fig. 7 is a view for explaining a principle of detecting 
the v;eld quality; 

[Fig. 8] 

Fig. 8 is a flowchart showing a procedure of a monitoring 
method of the present invention; 

[Fig. 9] 

Fig. 9 is a waveform chart of an electric signal obtained 
from reflected lights of YAG laser beams during welding under 



lagram sr.owir:g gI. err.buaieu co:iS t ^ ^ 1 1 c:. 
shown in Fiq. 2; 
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Fia. " is a v;a'/eicr:n chart cf ar. elecirir signal :bta:r.ed 
fro::; visible lights cf a -eyhcle a-d a plurr.e durir.g v;ela:.::g ur-oer 
a basic welding ccnditicn; 

[Fig. 11] 

Fig. 11 is a waveform chart obtained as a result of 
subjecting a waveform cf YH shown in Fig. 9 to a FFT signal 
intensity calculation; and 

[Fig. 12] 

Fig. 12 is a distribution chart drawn based on a 
Maharanobis distance acquired. 

[Description of the Reference Numerals] 

1: YAG laser oscillator 

2: optical fiber cable 

3: collimator lens 

4 : light converging lens 

5 : wor kpiece 

6a , 6b : sensors 

7 : measuring device 

7A: amplifier 

7B, 7D: A/D converters 

7C: band-pass filter 

7E: personal com.puter 

7F: display 

8, 9: photodiodes 

IC: dichroic mirror 

11: interference filter 



z ^ ; z :l r. c — p - 5 1 e ci ^ 3 y e r 

22 : steel 

z I p o r G c 1. 1 y 

2 5 : keyhole 

27: zinc .Tietallic vapor 

2 8 : plur.e 

3C : gap 

31: under-liiiea state 
ICC: YAG laser v;elder 
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; Ah £ t r a c t : 

[Object: To detect reliably an cccsr-e-ce cf pcrcc:ty cf a 
laser we 1 dm g part. 

[Solving Mearsj Reflected lights cf laser bearrs irradiated 
tcward a welding part F cf a wcrkpiece 5 are detected by a senscr 
6a ana convertea into an eiectric signal, ana a measuring aevice 
7 calculates a frequency distributicn cf the electric signal 
and calculates a signal intensity m a specified frequency band 
among the calculated frequency distribution. If the 

calculated signal intensity exceeds a preset reference value, 
it is determined that an occurrence of porocity is excessive, 
and if not exceeding the reference value, it is determined that 
an occurrence of porocity is within the normal range. 

[Selected Figure] Fig. 2 
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